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BIOMEDICAL SENSORS USABLE ON

UN-PREPARED CONTACT SURFACES

PRIORITY
The present application claims priority to U.S. Provisional Patent Application

Serial No. 61/048,672 filed on April 29, 2008.

BACKGROUND

The invention generally relates to biomedical sensors and relates in particular to
biomedical sensors for detecting localized electrical signals within a subject.

Conventional disc biomedical sensors have generally changed little since Hans
Berger first recorded the human electroencephalogram (EEG) in 1924. One drawback of
conventional EEG methods that are recorded with disc electrodes, is <that the procedure
lacks high spatial resolution. This is primarily due to the blurring affects of the different
conductivities of the volume conductor such as the cerebrospinal fluid, skull, and the
scalp. Conventional EEG signals recorded with disc electrodes also have ref erence
electrode problems as idealized references are not available with EEG. Placing the
reference at different locations changes the characteristics of the EEG signals.

To increase the spatial frequency and selectivity the surface Laplacian has been
utilized. Concentric ring electrodes automatically estimate the surface Laplacian
significantly better than by processing conventional EEG signals’ (See “Development of
Tri-Polar Concentric Ring Electrode for Acquiring Accurate Laplacian Body Surface

Potentials”, by W.Besio, R.Aakula, K.Koka and W.Dai, Annals of Biomedical
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Engineering, Vol.34, No. 3, March 2006) and significantly imprdves the signal-to-noise
level in EEG applications, (see “Tri-Polar Concentric Ring Elecirode Development for
Laplacian Electroencephalography, by W.Besio, R.Aakula, K.Koka and W.Dai, /EEE
Transactions on Biomedical Engineering, Vol.53, No.5, May 2006), as well as spatial
selectivity, and mutual information (see “Improvement of Spatial Selectivity and
Decrease of Mutual Information of Tri-Polar Concentric Ring Electrodes”, by K.Koka
and W.Besio, Journal of Neuroscience Methods, Vol.165, pp.216 — 222, June 9, 2007).
The reference problem is alleviated as well since bipolar differences are taken at closely
spaced electrode elements. The presence of hair however, remains a concern limiting the
surface where the electrodes can make contact with the scalp without shaving.

Typically, an electrode gel (e.g., an electrolyte) has been used to bridge between
electrodes and a cleaned surface of a subject (e.g., the scalp). The thickness of the gel
varies with different applications, causing varying electrical properties with different
applications. The gel also dries over time further changing the properties of the bridge
distorting the EEG. Such gels must also be packaged in sealed packages to avoid
becoming dried out prior to being used and may not be reused once opened. Gels may
also irritate the scalp and/or the desired recording may be from a sensitive area of the
subject, such as the eye, where the use of gel should be avoided. Further, if the spacing
of electrodes is too small then the gel, which is typically an electrolyte, may directly
connect the electrodes, shorting the sensor. Also, the application and removal of gels is
time consuming.

Further, the spacing required between electrodes may be so small that smearing of

the electrolyte (and thus short circuiting of the bioelectric signal) may occur.
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Additionally, and perhaps most importantly, the application and removal of electrolyte
gels is an unpleasant process for the subject, and time consuming for the clinician or care
giver. There are also toxicological concerns with electrolyte gels where dermatological
responses are common.

To avoid the problems of electrolytes, dry electrodes (not using a gel) have been
introduced. With dry electrodes, however, movement artifacts are more prevalent due to
the absence of a thick electrolyte layer (as is present in gels, which provides a shock
absorber function). The introduction of active electrodes (where buffering/amplification
takes place at the electrode site) provides much less emphasis on the skin-electrode
impedance. An added concern with dry electrodes is that the large RC constant, which
exists at the input of the unity gain amplifiers typically used for this application, prolongs
the effect of large artifacts.

There is a need therefore, for an improved biomedical sensor that may be used
without the current drawbacks of using a gel yet may also provide consistent and reliable

signals.

SUMMARY

The invention provides a biomedical sensor that provides at least first and second
electrical nodes for connection to medical equipment. The biomedicaﬁ sensor includes a
plurality of protruding electrodes that extend from a common base. In accordance an
embodiment, at least one of the protruding electrodes is coupled to the first electrical
node, and at least two of the protruding electrodes are coupled to the second electrical

node. At least one of the plurality of protruding electrodes is adjustable in length such
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that each of the plurality of protruding electrodes is adapted to contact a non-planar
surface of a subject.

In accordance with a further embodiment, the plurality of prdtruding electrodes
are spaced from one another such that the protruding electrodes are adapted to contact a
surface of a subject without interference by material that is attached to the contacting
surface of the subject.

In accordance with a further embodiment, at least one of the protruding electrodes
is coupled to the first electrical node, at least one of the protruding electrode is coupled to
the second electrical node, and at least one protruding electrode is coupled to a third
clectrical node. The plurality of protruding electrodes are spaced from one another such
that the protruding electrodes are adapted to contact a surface of a subject without
interference by material that is attached to the contacting surface of the subject.

In accordance with a further embodiment, the invention provides a method of
applying a biomedical sensor to a patient. The biomedical sensor provides at least first
and second electrical nodes for connection to medical equipmeht, and the biomedical
sensor includes a plurality of protruding electrodes that extend from a common base. The
method includes the steps of coupling at least some of the plurality of protruding
electrodes to the first electrical node, coupling at least some of the plurality of protruding
electrodes to the second electrical node, contacting a site of a squect with distal ends of
each of the plurality of protruding electrodes, and coupling the first and second electrical
nodes to the medical equipment. The step of contacting the site of the subject includes
passing distal ends of each of the plurality of protruding electrodes through material that

is attached to a contacting surface at the site of the subject. In accordance with a further
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embodiment, the step of contacting the site of the subject includes adjusting the length of
at least one of the plurality of protruding electrodes such that each of the plurality of

protruding electrodes contacts a non-planar surface at the site of the subject.

BRIEF DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

The following description may be further understood with reference to the
accompanying drawings in which:

Figure 1 shows an illustrative diagrammatic view of a biomedical sensor in
accordance with an embodiment of the invention;

Figure 2 shows an illustrative diagrammatic bottom view of the biomedical sensor
of Figure 1 taken along line 2 — 2 thereof;

Figure 3 shows an illustrative diagrammatic top view of the biomedical sensor of
Figure 1 taken along line 3 — 3 thereof;

Figure 4 shows an illustrative diagrammatic cross-sectional view of one
protruding electrode in the biomedical sensor of Figure 1;

Figure 5 shows an illustrative diagrammatic view of the biomedical sensor of
Figure 1 applied to a subject through hair;

Figure 6 shows an illustrative diagrammatic view of the biomedical sensor of
Figure 1 applied to a non-flat surface of a subject;

Figure 7 shows an illustrative diagrammatic view of the biomedical sensor of

Figure 1 attached to monitoring equipment in accordance with an embodiment of the

invention;
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Figure 8 shows an illustrative diagrammatic view of the biomedical sensor of

~ Figure 1 on an electrically active subject;

Figure 9 shows an illustrative diagrammatic view of a biomedical monitoring
device that includes many biomedical sensors;

Figure 10 shows an illustrative diagrammatic view of a biomedical sensor in
accordance with another embodiment of the invention attached to monitoring equipment;

Figure 11 shows an illustrative diagrammatic view of a biomedical sensor in
accordance with a further embodiment of the invention wirelessly coupled to monitoring
equipment;

Figure 12 shows an illustrative diagrammatic cross-sectional view of one
protruding electrode in a biomedical sensor in accordance with a further embodiment of
the invention; and

Figure 13 shows an illustrative diagrammatic view of one protruding electrode in
a biomedical sensor in accordance with a further embodiment of the invention.

The drawings are shown for illustrative purposes only.

DETAILED DESCRIPTION

As shown in Figure 1, the invention provides a biomedical sensor 10 in
accordance with an embodiment that includes a plurality of protruding electrodes 14 that
extend through and protrude from a common base 16. Each electrode includes a fixed
protruding portion 18 and a resilient protruding portion 20 that extends from the fixed
protruding portion 18 as further shown in Figure 2, which shows a bottom view. As

further shown in Figure 3 (which shows a top view), each electrode also includes a
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mounting post 22 that extends through the base 16. Each mounting post 22 is threaded,
and a nut 24 is used to fasten each electrode onto the base 16.as further shown in Figure
4. In accordance with further embodiments, each protruding electrode may be attached to
the base by a variety of known techniques, including for example, using solder, glue
and/or press fit insertion.

In accordance with various embodiments the protruding electrodes 14 may be
connected to monitoring equipment in such a way that they remain electrically
independent of one another, or in some embodiments, one or more groups of electrodes
may be commonly coupled via conductors. For example, Figure 3 shows a first outer
conductor 26 that electrically joins together the outer ring of electrodes, as well as a
second conductor 28 that electrically joins together an inner ring of electrodes. The
innermost electrode is electrically independent of the others. Each conductor (e.g., 26) is
coupled to its associated electrode 14 by being captured between the conductive fastening
nut and the base 16 as shown in Figure 4. FEach electrode, therefore, is electrically
conductive from the post 22, through the fixed and resilient protrusion sections 18 and
20. In accordance with further embodiments an electrically conductive material may also
be included within each electrode to further enhance the electrical conductivity of each
electrode.

The fixed and resilient protruding portions may pass through the hair on a subject,
and the biomedical sensors of the invention may be used either with or without a gel.
The individual electrodes, in accordance with an embodiment, are shaped of tubular rods
such that the resilient protruding portion 20 penetrates through hair 30 reaching the scalp

32 of a subject as shown in Figure 5. With reference as well to Figure 4, there is force
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exerted on the resilient protruding portion, from inside the fixed protruding portion,
keeping the electrode 14 in contact with the scalp 32. This force may be provided by a
spring 29 in accordance with an embodiment. In further embodiments, such a force may

be provided by any of a variety of techniques such as the use.of pneumatic pressure

~ within the protruding electrodes 14. In certain embodiments, spring loaded electrical

connector pins such as the long-stroke spring-loaded pin product (product number 0914),
sold by Mill-Max Mfg. Corp. of Oyster Bay, New York may be used.

Another benefit of making the biomedical sensor out of independent protruding
electrodes is that the force will keep the individual electrodes contacting the scalp even if
the scalp is not flat. As shown in Figure 6, the electrodes 14 will follow the contour of
the scalp 34 or other body part to which the electrode is applied. Conversely, with a
conventional solid ring, if there is a protrusion the ring may be raised up, not touching the
scalp, altering the skin-to-electrode impedance. If a muscle contracts for example,
protruding the skin upward below the surface of a conventional disc electrode, then part
of the electrode may lose contact with the skin surface altering the skin-to-electrode
impedance causing an artifact.  Adding active electronics directly to the electrode
matches the skin-to-electrode impedance better, permitting low impedance signals to be
transmitted via wires to avoid AC power line interference. A conventional electrolytic
gel may also be used to facilitate electrical conductivity with the subject.

During movements of the subject, therefore, the force on the electrodes will keep
them in contact with the skin limiting signal loss or distortion from movement artifacts.
As the shape of the skin changes, the independent elements automatically reshape to

conform to the contour, retaining contact, reducing signal loss or distortion. In
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accordance with certain embodiments, a gel may be applied through the resilient
protruding portion in accordance with an embodiment. Connecting the electrodes
together in such a way as to provide effective concentric ring electrodes may be
employed to achieve significantly better signal to noise ratios, spatial selectivity,
approximation of the Laplacian, and mutual information, i.e., signals from areas of the
subject that are outside of the target area of interest below the sensor. The virtual
concentric electrodes would automatically attenuate distant sources such as eye blinks,
jaw movements, ECG and ballistic ECG. Electrode preparation time will also be
significantly improved.

Figure 7, for example, shows an embodiment of the invention in which an
innermost electrode is coupled to monitoring equipment 40 via a first insulated wire 42.
A group of electrodes is electrically coupled together by the second conductor 28, and are
coupled to the monitoring equipment 40 by a second insulated wire 44. Another group of
electrodes is electrically coupled together by the outer conductor 26, and are
coupled to the monitoring equipment 40 by a third insulated wire 46. An outer sheath
around the insulated wires 42, 44, 46 may also be grounded or may have some other
signal applied to it for noise canceling.

The use of the concentric electrodes at three different voltage nodes (V;, ¥2, V3)
provides that signals from the subject may be received and processed in a variety of
ways. For example and with reference to Figure 8, the ou’ter‘ ring of conductors may be
employed to sense an outer region (as shown at 50) that surrounds the central region (as
shown at 52), thereby providing a shielding function that prioritizes only signals directly

below the sensor, while signals outside of the region shown at 50 will not contribute as
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much to the sensed signal since they are attenuated sharply. Other signals (such as shown

at 54) will not contribute to the sensed signal. In further embodiments, the potentials

~ between nodes ¥; and V3 may be compared by sensing their difference (as shown at 58).

In further embodiments, the differences between ¥; and ¥ as well as between V> and V3
may also be determined.

For example, using a single conductivity planar model of the head the potentials
on the electrode elements of a tripolar concentric ring electrode may be calculated as
follows. The elements of the electrodes are divided into (for example 16 and 32) discrete
points for the middle and outer rings, respectively with equal arclength between the
points. The average was taken of all the discrete potentials as the potential for the
element. A unity point source was moved from radius () » = 0.0 cm to » = 1.5 cm
radially from the center of the electrode. The depth of the point source was 2.0 cm below
the surface of the electrode. The calculated potentials from the disc, middle ring, and
outer ring are 5;(r), s2(r) and s3(r) respectively.

To improve the spatial sensitivity, and thereby the spatial resolution as much as
possible, an algorithm may be derived to combine the three simulated signals to optimize
the spatial cutoff. For this application the weights w = [wl,wz,wﬂT are adjusted, so that
the magnitude of the signals in the region of interest, which is around » = 7, where g is
an unknown radial distance to the source that we would like to detect and  is the radius
from the tripolar concentric electrode, would be distinguished. To determine the weights
minimum variance distortionless look (MVDL) beamformer may be employed to

maximize P(w):
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P(w) =

The sum x(r) is formed as follows:

x(r}= iwr‘sf(r)

where w = [wy,wa,w3]" are the weights for the signals from the three different elements of

5  the electrode. For the maximum output at r = rQ we constrain x(r) = 1 so that:

Zws, (r)=1

Then, to maximize P(w), the value J{(w) is minimized over w = [w1,wa,w3]" where

2
J(w)= 1: (ZM S, (r)] dr
To do this, let s(r)=[s1(r), s2(r), s3()]T and J(w) = w'Cw in which
. T
10 C= L“ s(r)s Cw

The value J(w) is then minimized, and the solution may be obtained from the

above equations for x() and for J(w) using the Lagrange multiplier approach:
F(w)=w'Cw+l (WTS (r[,) - 1)
where the following gradient is performed:

15 %=2CW+2,S(1’0)=0

Since however, x(rﬂ) = Z WS, (ro) =1, which means WTs(r@)=1 ) then the solution takes

S

the form of:
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and the combined signal is then:

which is the optimized combination of the signals from the tripolar concentric ring
electrode elements.

With the optimal combination showing the steepest roll-off and least ringing in
the side lobes it should result in the best spatial resolution of the different methods. If the
region of interest is directly under the electrode, and a source that is beyond the radius of
the electrode by one radius (1.0 cm) then the Laplacian spatial filter will only pass
approximately 10% of the power from that source, and the optimal combination
attenuates nearly all of the power. A conventional disc electrode, on the other hand, is
not vary discriminating as it would pass approximately 50% of the power of a source
located in an area outside of the region of interest. For the tripolar concentric ring
electrode Laplacian therefore, if the noise is correlated between the elements it is
attenuated sharply. The MVDL beamformer appears to provide the optimal radial roll-
off. This increased spatial sensitivity should also increase the spatial resolution of the
tripolar concentric ring electrode.

The electrodes may be held in place on a subject by a variety of techniques, such
as by using tape, a strap or a belt, or by securing the sensors to a structure that is held
against the subject. For example, Figure 9 shows a sectional view of a helmet 60 that
includes a plurality of sensors 10 attached to the helmet 60. The sensors 10 each pass

through hair 62 on the subject to contact the subject’s scalp 64. Conductive wires from
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the sensors form a wiring harness 66 that is coupled to monitoring equipment. The
Helmet 60 may be fitted to a subject’s head, and the resilient protruding sections on the
sensors permit the sensors to adjust to the contours of the patient’s scalp. The helmet 60
may be held in place by a chin strap. In further embodiments, the helmet may include a
wireless transceiver unit for providing signal data to the monitoring equipment without
the need for a connector cable 68. This would permit a subject to be freely mobile during
monitoring. The electrodes themselves may also each include wireless transmitters
and/or receiver circuitry on each electrode.

Figure 10 shows a biomedical sensor 70 in accordance with another embodiment
of the invention that is attached to biomedical monitoring equipment 72 via a cable 74
that includes multiple independent hard wire connections (as shown at 76) to each
separate protruding electrode 78, 80, 82, 84, 86, 90, 92, 94, 96. Each protruding
electrode is provided, therefore, as an independent electrical node. The signals from the
electrodes may be analyzed in a variety of ways, including, for example, a five point
method (using electrodes 78, 80, 82, 84 and 86), a nine point method (using electrodes
78, 80, 82, 84, 86, 90, 92, 94 and 96), and a quasi-bipolar method (wherein the electrodes
90, 92, 94 and 96 are electrically coupled together with electrode 78).

In particular and as further described in “Tri-Polar Concentric Ring Electrode
Development for Laplacian Electroencephalography” by W.G.Besio, K.Koka, R.Aakula
and W.Dai, /EEE Transactions on Biomedical Engineering, Vol.53, No. 5, pp.926 — 933
(May 2006), the disclosure of which is hereby incorporated by reference, several
analytical techniques may be employed for determining an approximation to the

Laplacian at the center of a tri-polar concentric ring electrode. For example, a five point
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method may be employed to analyze signals coming from one central point on a sensor as
well as from each of four points that surround the central point. The Laplacian potentials
at the central point (Py) may be calculated to provide that the approximation to the

Laplacian at Py is:

where ¥ = 1/27r)L v(27,60)d6 .

In another embodiment, a nine point method may be employed to analyze signals
coming from one central point on a sensor, from each of four points that surround the
central point, and from four more points that surround the first set of four points. The
Laplacian potentials at the central point (Py) may be calculated to provide that the

approximation to the Laplacian at Py is:

Av, = { (—%jv(r@d@ v(,] [zlﬂzjv(%,@)déhvo}}

2r

where %n J-v(r,é?)dﬂ—vo represents the potential on the middle ring of a tri-polar
1]

configuration, and / 2r Q)dé’ v, represents the potential on the outer ring.

In a further embodiment, a quasi-bipolar method may be employed (wherein an
outer ring and the center electrode are shorted together), and the Laplacian potential at Py

is then calculated as:
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where v is the average potential on the outer ring, v, is the average potential in the

middle ring and v, is the average potential on the center electrode.

Figure 11 shows a biomedical sensor 100 in accordance with another embodiment
of the invention that is attached to biomedical monitoring equipment 102 via a wireless
communication system that includes a transceiver 104 attached to (or formed as part of)
the biomedical sensor, and a transceiver 106 that is attached to the biomedical monitoring
equipment 102. Similar to the embodiment of Figure 10, the transmitter 104 includes
multiple independent hard wire connections (ag shown at 107) to each separate protruding
electrode 108, 110, 112, 114, 116, 120, 122, 124, 126. Again, the signals from the
electrodes may be analyzed in a variety of ways, including, for example, the five point
method (using electrodes 108, 110, 112, 114 and 116), the nine point method (using
electrodes 108, 110, 112, 114, 116, 120, 122, 124 and 16), and the quasi-bipolar method
(wherein the electrodes 120, 122, 124 and 126 are electrically coupled together with
electrode 108). Other arrangements of electrodes and analysis techniques may further be
used, including for example, a thirteen point method that involves three concentric rings
around a disc.

Figure 12 shows a protruding electrode 130 for a biomedical sensor in accordance
with another embodiment of the invention, wherein the protruding electrode is coupled to
a base 132 via a shaped post 134 that snap engages into an aperture 136 in the base 132.
Wires may be coupled to the post 134 by any known technique such as by having a ring
connector 135 attach to the top of the post 134 followed by soldering.

As also shown in Figure 12, the protruding electrode 130 also includes a fixed

protruding portion 138 and a resilient protruding portion 140. Within the protruding
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electrode is an elastomeric material 142 as well as fluid 144. When force is exerted on

the distal end 146 of the electrode applying a force as shown at 150, then the elastomeric

" material 142 widens (as shown at 152), and in some embodiments, the fluid level of the

fluid 144 rises (as shown at 154). The elastomeric material may preferably be an
electrically conductive elastomeric material, and the fluid may preferably be an
electrically conductive fluid such as a hydrogel. The use of such materials may further
enhance electrical conductivity of the protruding electrode. In accordance with a further
embodiment, as also shown in Figure 12, each electrode may alternatively include a small
aperture 156 in the distal end 146 of the electrode 130, out which a gel may flow (as
shown at 158) when the electrode is compressed. Such a gel maf/ facilitate electric
conductivity between the sensor and the subject.

In accordance with further embodiments, there may be nano-scale or micro-scale
end points on each of the protruding electrodes that may be used to make contact with the
skin and affix the electrodes into place. The force by which the pins ‘and sticky ends of
the needle will be kept in place may be a micro-fluidic, gas, piezo, spring force or other
mechanism that can propel the pins to retain contact if there is any movement involved.
The distal tips of the protruding electrodes that contact the surface of a subject may be
blunt, sharp or any combination, and may be shaped to improve surface contact. For
cxample, the tip may be covered with a bed of small nails, micro-wires and/or carbon
nano-tubes efc.

As shown in Figure 13 for example, in order to further enhance electrical contact
with the skin of a subject, a protruding electrode 160 in a’ biomedical sensor in

accordance with a further embodiment of the invention may include electrically
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conductive extensions 162 at the distal tip 164 of the electrode 160. The electrically
conductive extensions 162 may be, for example, small short micro-wires or nano-tubes
for engaging the skin of the subject while also enhancing electrical contact with the
subject.

Electrodes of the invention may be used for the acquisition of biopotentials in
clinical and research applications. The new electrodes may be .used for recording the
electroencephalogram (EEG), electrocardiogram (ECG), electromyogram (EMG),
electrooculogram (EOG) etc. Use of the electrodes is also not limited to noninvasive
recording; as they may also be used as implantable electrodes. They could also be used
in any application where potentials need to be measured on a non-biological surface
where movement artifact suppression is beneficial. Concentric electrodes take the
differences of signals that are impressed on electrode elements very closely spaced (for

EEG typically within 1.0 mm or less). The interference is nearly the same on both

~ elements of the electrode and is automatically cancelled by common mode rejection. It

may further be possible that electrodes of the invention are used in an application that
permits or requires that a subject be mobile while monitoring their bio-potentials.

Those skilled in the art will appreciate that numerous modifications and variations
may be made to the above disclosed embodiments without departing from the spirit and
scope of the invention.

What is claimed is:

-17-



WO 2009/134763 PCT/US2009/041924

1. A biomedical sensor providing at least first and second electrical nodes for
connection to medical equipment, said biomedical sensor comprising a plurality of
protruding electrodes that extend from a common base, at least one of said protruding
electrodes being coupled to the first electrical node, and at least two of said protruding
electrodes being coupled to the second electrical node, at least one of said plurality of
protruding electrodes being adjustable in length such that each of said plurality of

protruding electrodes is adapted to contact a non-planar surface of a subject.

2. The biomedical sensor as claimed in claim 1, wherein said at least one of said
plurality of protruding electrodes that is adjustable in length is spring biased in an

extended position.

3. The biomedical sensor as claimed in claim 1, wherein each of said plurality of

protruding electrodes is spring biased in an extended position.

4. The biomedical sensor as claimed in claim 1, wherein said plurality of protruding
electrodes are spaced from one another such that the protruding electrodes are adapted to
contact a surface of a subject without interference by material that is attached to the

confacting surface of the subject.

5. The biomedical sensor as claimed in claim 1, wherein said at least two of said
protruding electrodes that are coupled to the second electrical node surround said at least

one of said protruding electrodes that is coupled to the first electrical node.
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| 6. A biomedical sensor providing at least first and second electrical nodes for
connection to medical equipment, said biomedical sensor comprising a plurality of
protruding electrodes that extend from a common base, at least one of said protruding
electrodes being coupled to the first electrical node, and at least two of said protruding
clectrodes being coupled to the second electrical node, said plurality of protruding
electrodes being spaced from one another such that the protruding electrodes are adapted
to contact a surface of a subject without interference by material that is attached to the

contacting surface of the subject.

7. The biomedical sensor as claimed in claim 6, wherein said plurality of protruding
electrodes are adjustable in length such that each of said plurality of protruding electrodes

may contact a non-planar surface.

8. The biomedical sensor as claimed in claim 6, wherein said at least two of said
protruding electrodes that are coupled to the second clectrical node surround said at least

one of said protruding electrodes that is coupled to the first electrical node.

0. The biomedical sensor as claimed in claim 8, wherein said biomedical sensor
further includes an outer plurality of protruding electrodes that surround said at least two
of said protruding electrodes that are coupled to the second electrical node, said outer

plurality of protruding electrodes being coupled to a third electrical node.

10. The biomedical sensor as claimed in claim 9, wherein at least one of said

protruding electrodes includes a hydrogel.
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11. A biomedical sensor providing at least first, second and third electrical nodes for
connection to medical equipment, said biomedical sensor comprising a plurality of
protruding electrodes that extend from a common base, at least one of said protruding
electrodes being coupled to the first electrical node, at.least one of said protruding
electrode being coupled to the second electrical node, and at least one protruding
electrode being coupled to the third electrical node, said plurality of protruding electrodes
being spaced from one another such that the protruding electrodes arc adapted to contact
a surface of a subject without interference by material that is attached to the contacting

surface of the subject.

12.  The biomedical sensor as claimed in claim 11, wherein said plurality of
protruding electrodes are adjustable in length such that each of said plurality of

protruding electrodes may contact a non-planar surface.

13. The biomedical sensor as claimed in claim 11, wherein said biomedical sensor is

coupled to a wireless transmission device.

14, The biomedical sensor as claimed in claim 13, wherein said biomedical sensor
further includes at least five protruding electrodes that are each coupled to an independent

electrical node.

15. A biomedical sensor providing at least first, second and third electrical nodes for
connection to medical equipment, said biomedical sensor comprising a plurality of
protruding electrodes that extend from a common base, at least one of said protruding

electrodes being coupled to the first electrical node, at least one of said protruding
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electrode being coupled to the second electrical node, and at least one protruding
electrode being coupled to the third electrical node, at least one of said plurality of
protruding electrodes being adjustable in length such that each of said plurality of

protruding electrodes is adapted to contact a non-planar surface of a subject.

16. The biomedical sensor as claimed in claim 5, wherein said at least one of said
plurality of protruding electrodes that is adjustable in length is spring biased in an

extended position.

17.  The biomedical sensor as claimed in claim 15, wherein each of said plurality of

protruding electrodes is spring biased in an extended position.

18.  The biomedical sensor as claimed in claim 15, wherein each of said plurality of
protruding electrodes includes an elastomeric spring that is biased in an extended

position.

19.  The biomedical sensor as claimed in claim 15, wherein each of said plurality of
protruding electrodes includes an electrically conductive fluid within each of the

protruding electrodes.

20.  The biomedical sensor as claimed in claim 15, wherein each of said plurality of
protruding electrodes includes a plurality of electrically conductive extensions that extend

from a distal end of each said protruding electrode.

21. A method of applying a biomedical sensor to a patient, said biomedical sensor

providing at least first and second electrical nodes for connection to medical equipment,
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and said biomedical sensor comprising a plurality of protruding electrodes that extend
from a common base, said method comprising the steps of:

coupling at least some of the plurality of protrﬁding electrodes to the first
electrical node;

coupling at least some of the plurality of protruding electrodes to the second
electrical node;

contacting a site of a subject with distal ends of each of said plurality of
protruding electrodes, said step of contacting the site of the subject including passing
distal ends of each of said plurality of protruding electrodes through material that is
attached to a contacting surface at the site of the subject; and

coupling the first and second electrical nodes to the medical equipment.

22.  The method as claimed in claim 21, wherein said material that is attached to the

contacting surface at the site of the subject is hair.

23.  The method as claimed in claim 21, wherein said step of contacting the site of the
subject with the distal ends of each of said plurality of protruding electrodes further
includes adjusting the length of at least one of said plurality of protrudiﬁg electrodes such
that each of said plurality of protruding electrodes may contact a non-planar surface at the

site of the subject.

24.  The method as claimed in claim 23, wherein said at least one of said plurality of

protruding electrodes that is adjustable in length is spring biased in an extended position.
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25.  The method as claimed in claim 21, wherein said step of coupling the first and
second electrical nodes to the medical equipment includes sending wireless transmission

signals.

26. A method of applying a biomedical sensor to a patient, said biomedical sensor
providing at least first and second electrical nodes for connectioﬁ to medical equipment,
and said biomedical sensor comprising a plurality of protruding electrodes that extend
from a common base, said method comprising the steps of:

coupling at least some of the plurality of protruding electrodes to the first
electrical node;

coupling at least some of the plurality of protruding electrodes to the second
electrical node;

contacting a site of a subject with distal ends of each of said plurality of
protruding electrodes, said step of contacting the site of the subject including adjusting
the length of at least one of said plurality of protruding electrodes such that each of said
plurality of protruding electrodes contacts a non-planar surface at the site of the subject;
and

coupling the first and second electrical nodes to the medical equipment.

27.  The method as claimed in claim 26, wherein said at least one of said plurality of

protruding electrodes that is adjustable in length is spring biased in an extended position.

28.  The method as claimed in claim 26, wherein said step of contacting the site of the

subject with the distal ends of each of said plurality of protruding electrodes further
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includes receiving between the distal ends of each of said plurality of protruding material

that is attached to a contacting surface at the site of the subject.

20. The method as claimed in claim 28, wherein said material that is attached to the

contacting surface at the site of the subject is hair.

30.  The method as claimed in claim 26, wherein step of coupling the first and second

electrical nodes to the medical equipment includes sending wireless transmission signals.
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